Introduction
Hybrid UV curing system, which uses two distinguished UV curing reactions independently or simultaneously, has attracted much attention due to high sensitivity, decreased oxygen inhibition, and spatial control of hardness and flexibility [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Especially, radical/cation hybrid system using a photoradical initiator and a photoacid generator was extensively studied due to easy access of monomers and initiators [1] [2] [3] [4] [5] [6] [7] [8] [9] . For example, blends of acrylate monomers, which polymerize by a radical mechanism and epoxy functionalized monomers, which polymerize by a cationic mechanism, are irradiated to produce networks [1] [2] [3] [4] [5] [6] [7] [8] [9] . Monomer structures combined with photoradical initiators, photoacid generators, and sensitizers have been studied to control the cationic polymerization and radical polymerization. Comprehensive understanding of the radical/cation hybrid system is difficult due to the complexity of the system.
We employed photodimerization reaction instead of cationic polymerization in hybrid UV curing system. Photodimerization of anthracene, cinnmate ester, chalcone, and coumarin proceed by irradiation of UV light [15, 16] . Photodimerization conditions are tunable by selecting the dimerization moieties and/or irradiation conditions.
In this work, we have designed and synthesized a novel dimethacrylate monomer having a chalcone moiety. The monomer was applied to hybrid UV curing system using photoradical polymerization of methacrylates and photodimerization of chalcone as shown in Fig. 1 . The effect of photoradical initiators and irradiation wavelength was investigated to control photodimerization and photoradical polymerization. Reaction mechanism of the system was discussed. Application of the system to photocuring system with reduced oxygen inhibition was also carried out. Photoradical initiators 1-hydroxy-1-cyclohexyl phenyl ketone (HCPK), 2,2-dimethoxy-2-phenylacetophenone (DMPA), and 2,4,6-trimethylbenzoyldiphenylphosphine oxide (TPO) were used as received. As diluent monomers, 2-ethylhexyl methacrylate (EHMA) and ethyleneglycol dimethacrylate (EGDMA) were purchased and used without further purification.
A dimethacryalate having a chalcone moiety (CDMA) was prepared as shown in Scheme 1.
A chalcone moiety, 1,3-bis(4-hydroxyphenyl)-propenone (BHPP) [17] was synthesized by cationic aldol condensation. 2), 45(CH 3 -CH=OH + , 100). CDOH (10.54 g, 43.9 mmol) was dissolved in chloroform (60 mL). Triethylamine (10.54 g, 43.9 mmol) was added in the mixture. The mixture was cooled using ice-cold bath.
After cooling, methacryloyl chloride (10.54 g, 43.9 mmol) was added dropwise in the mixture. The mixture was stirred for 6 h at ambient temperature. The reaction mixture was pored into ice-cold water and extracted with chloroform. The chloroform layer was washed with saturated sodium bicarbonate solution twice and deionized water twice, and dried. 
Method
A mixture of CDMA, EHMA or EDGMA, and a photoradical initiator was sandwiched by CaF 2 plates. Irradiation was performed using a Xenon lamp (Asahi Spectra, MAX-301, 300 W) through bandpath filters at 254 or 365 nm or a sharpcat filter at 370 nm. Irradiation at 405 nm was performed using a LED laser (Ball Semiconductor, BP300, 300 mW). Intensity at the light was measured with an Orc Light Measure UV-M02. Conversion of the methacryl unit and the chalcone unit in the blended film was determined by FT-IR measurements using the peak at 1638 cm -1 ascribed to the methacryl unit and 1602 cm -1 ascribed to the chalcone unit, respectively.
Measurements
1 H NMR spectra were measured by a JEOL ECX400 spectrometer.
FT-IR measurements were carried out using a JASCO IR-410. UV-vis spectra were taken on a Shimadzu UV-2400 PC.
Results and discussion
Methacrylates are widely used as UV curing materials due to high reactivity.
However, oxygen inhibition is a serious problem. On the other hand, chalcone takes place photodimerization even in air.
Photodimerization behavior of chalcone moieties was investigated and applied to photosensitive polymers [18] [19] [20] [21] .
We have deigned and synthesized a dimethacrylate containing a chalcone moiety (CDMA) (Fig. 2) . The methacryl units and the chalcone unit are connected with oxyethylene units which enhanced reactivity and the compatibility to additives.
The effect of photoradical initiators or irradiation wavelength on the conversion of the methacryl unit and the chalcone unit was investigated using UV-vis and FT-IR spectroscopy. Strong absorption at around 350 nm ascribed to a chalcone moiety was observed. On irradiation at 365 nm, complete bleaching of the absorption occurred. Absorption of the same concentration of TPO, DMPA, and HCPK at 254 nm was nearly identical to each other. On the other hand, absorption of the same concentration of the photoradical initiators at 365 nm was in the order, TPO > DMPA > HCPK. Figure 4 shows the conversion of the methacryl unit and the chalcone unit in CDMA/EHMA/HCPK (1/1/0.06, wt/wt) blended film on irradiation at 365 nm. The reaction rate of the chalcone unit was larger than that of methacryl unit at the initial stage. When the film was irradiated at 254 nm, the reaction rate of the chalcone unit was smaller than that of the methacryl unit. When the film was irradiated at 370~400 nm, the reaction rate of the chalcone moiety and the methacryl unit was similar to each other. Thus, we have found that the conversion of the methacryl unit and the chalcone unit was controllable by the irradiation wavelength.
When using TPO and DMPA as photoradical initiators, the reaction rate of the chalcone unit was smaller than that of methacryl unit on irradiation at 254 nm, 365 nm, and 370-400 nm in all cases. Using 405 nm light, the methacryl unit only reacted. 
